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©  DC  regulated  power  source  apparatus. 
DC  regulated  power  source  apparatus  for  incorporation 

in  electronic  devices  which,  when  equipment  such  as  a  sequ- 
ence  controller  or  numerical  control  unit  for  controlling  a 
machine  tool  is  subjected  to  maintenance  or  inspection, 
require  that  a  power  source  voltage  be  shifted  from  a  refer- 
ence  voltage  by  a  fixed  value.  The  DC  regulated  power  source 
apparatus  includes  a  first  output  voltage  adjuster  (4)  capable 
of  adjusting  an  output  voltage  (Vo")  to  a  desired  value  by 
means  of  a  rheostat,  and  a  second  output voltage  adjuster  (18, 
17)  operated  after  the  output  voltage  (Vo")  has  been  adjusted 
to  the  desired  value  by  the  first  output  voltage  adjuster,  the 
second  output  voltage  adjuster  being  capable  of  shifting  the 
adjusted  output  voltage  (Vo")  by  a  prescribed  amount  to  a 
value  higher  (18)  or  lower  (17)  than  the  desired  value  by 
simple  manual  or  automatic  switching  (16,  19  to  23). 



T h i s   i n v e n t i o n   r e l a t e s   to  a  DC  r e g u l a t e d   p o w e r  

s o u r c e   a p p a r a t u s ,   and  more  p a r t i c u l a r l y   to  a  DC  r e g u l a t e d  

power   s o u r c e   i n c o r p o r a t e d   in  an  e l e c t r o n i c   d e v i c e .  

E l e c t r o n i c   d e v i c e s ,   such   as  c o m m u n i c a t i o n s  

e q u i p m e n t   or  s e q u e n c e   c o n t r o l l e r s   and  n u m e r i c a l   c o n t r o l  

u n i t s   f o r   c o n t r o l l i n g   m a c h i n e   t o o l s ,   g e n e r a l l y   i n c o r p o r a t e  

a  DC  r e g u l a t e d   power   s o u r c e   d e v i c e   w h i c h   s u p p l i e s   t h e i r  

e l e c t r o n i c   c o m p o n e n t s   w i t h   a  r e g u l a t e d   DC  v o l t a g e .   T h e s e  

DC  r e g u l a t e d   power   s o u r c e s   i n c l u d e   a  r e f e r e n c e   power   s o u r c e  

f o r   g e n e r a t i n g   a  r e f e r e n c e   v o l t a g e ,   as  w e l l   as  an  o u t p u t  

v o l t a g e   c o n t r o l   e l e m e n t .   The  o u t p u t   v o l t a g e   c o n t r o l  

e l e m e n t   c o n s t a n t l y   c o m p a r e s   t he   o u t p u t   v o l t a g e   a g a i n s t  

the   r e f e r e n c e   v o l t a g e   and  f u n c t i o n s   to  h o l d   t h e   o u t p u t  

v o l t a g e   c o n s t a n t   a t   a l l   t i m e s   by  r e s t o r i n g   t h e   o u t p u t  

v o l t a g e   to  t h e   r e f e r e n c e   v o l t a g e   when  t h e   f o r m e r   a t t e m p t s  

to  r i s e ,   or  by  r a i s i n g   the   o u t p u t   v o l t a g e   up  to  t he   r e f e r -  

e n c e   v o l t a g e   when  t h e   f o r m e r   a t t e m p t s   to  d r o p .  

The  DC  r e g u l a t e d   power   s o u r c e   d e v i c e s   r e f e r r e d  

to  a b o v e   u s u a l l y   p r o d u c e   t he   r e f e r e n c e   v o l t a g e   t h r o u g h  

use   of  a  Z e n e r   d i o d e .   H o w e v e r ,   s i n c e   Z e n e r   v o l t a g e s  

can  d i f f e r   s l i g h t l y   even   fo r   Z e n e r   d i o d e s   of  t h e   s a m e  

t y p e   or  g r a d e ,   u s i n g   the   v o l t a g e   o b t a i n e d   f rom  s u c h  

d i o d e s   as  a  r e f e r e n c e   v o l t a g e   r e s u l t s   in  i r r e g u l a r i t i e s  

among  t h e   d e v i c e s   t h a t   r e c e i v e   t he   o u t p u t   v o l t a g e   f r o m  

the   DC  r e g u l a t e d   a p p a r a t u s .   I t   is  t h e r e f o r e   c o n v e n t i o n a l  

p r a c t i c e   to   employ   a  Z e n e r   d i o d e   of  a  h i g h e r   Z e n e r   v o l t -  

age  t h a n   t h e   r e f e r e n c e   v o l t a g e ,   and  to  d i v i d e   t h i s   h i g h  

Z e n e r   v o l t a g e   down  to  an  a c c u r a t e   r e f e r e n c e   v o l t a g e   b y  



means   of  a  p o t e n t i o m e t e r .  

When  a  m a c h i n e   t o o l   i s   i n s p e c t e d   or  s u b j e c t e d  

to   m a i n t e n a n c e   a f t e r   i n s t a l l a t i o n   in  a  f a c t o r y ,   or   w h e n  

an  i n s p e c t i o n   i s   c a r r i e d   ou t   d u r i n g   t h e   c o u r s e   of  m a n u -  

f a c t u r e ,   t h e r e   a r e   c a s e s   w h e r e   an  o p e r a t i n g   m a r g i n   t e s t  

i s   c o n d u c t e d   by  s h i f t i n g   t he   o p e r a t i n g   v o l t a g e   of  a  

n u m e r i c a l   c o n t r o l   u n i t   or  s e q u e n c e   c o n t r o l l e r   in  t h e  

p l u s   or  m i n u s   d i r e c t i o n   by  a  p r e s c r i b e d   v a l u e   w i t h  

r e s p e c t   to  a  r a t e d   v o l t a g e .   When  v a r y i n g   t h e   v o l t a g e  

in  t h i s   f a s h i o n ,   i t   is   c o n v e n t i o n a l   p r a c t i c e   to  r o t a t e ,  

by  s m a l l   i n c r e m e n t s ,   t h e   p o t e n t i o m e t e r   w h i c h   i s   u s e d   t o  

d i v i d e   t h e   Z e n e r   v o l t a g e ,   t h e r e b y   s h i f t i n g   t h e   o u t p u t  

v o l t a g e   t o w a r d   a  p r e s c r i b e d   v a l u e   w h i l e   c l o s e l y   o b s e r v -  

i ng   an  o u t p u t   v o l t m e t e r .  

On  t h e   o t h e r   h a n d ,   a  h a r d w a r e   o p e r a t i n g   c h e c k  

has   been   f a c i l i t a t e d   g r e a t l y   by  a u t o m a t i n g   t h e   c h e c k i n g  

p r o c e d u r e   or  by  p r o v i d i n g   m a c h i n e   t o o l s ,   or  t h e   e l e c t r o n i c  

d e v i c e s   w h i c h   t h e y   i n c o r p o r a t e ,   w i t h   a  s e l f - d i a g n o s i n g  

f u n c t i o n .   I t   w o u l d   be  v e r y   c o n v e n i e n t   i f   t h e   o p e r a t i n g  

m a r g i n   c h e c k   c o u l d   be  i n t e r l a c e d   w i t h   t h e   o t h e r   o p e r a t i n g  

c h e c k s   s i n c e   t h i s   w o u l d   p e r m i t   a  c o n f i r m a t i o n   of  t h e  

o p e r a t i n g   m a r g i n   of   t h e   c i r c u i t r y .   H o w e v e r ,   s i n c e   t h e  

o u t p u t   v o l t a g e   has  h e r e t o f o r e   r e q u i r e d   to   be  a d j u s t e d  

by  t h e   m a n u a l   o p e r a t i o n   of  a  p o t e n t i o m e t e r   as  d e s c r i b e d  

a b o v e ,   i t   has   n o t   b e e n   p o s s i b l e   to  i n s e r t   i n t o   a  s e r i e s  

of  a u t o m a t e d   t e s t i n g   s t e p s   an  a d d i t i o n a l   t e s t   s t e p   f o r  

c o n f i r m i n g   t h e   o p e r a t i n g   m a r g i n   of   t h e   c i r c u i t r y .  



A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

a  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   f o r   c o n t r o l l i n g  

an  o u t p u t   v o l t a g e   so  as  to  l i m i t   t h e   d i f f e r e n c e  

b e t w e e n   t he   o u t p u t   v o l t a g e   and  a  r e f e r e n c e   v o l t a g e  

to  z e r o ,   w h i c h   a p p a r a t u s   c o m p r i s e s   a  d i f f e r e n t i a l  

a m p l i f i e r   f o r   d e t e c t i n g   a  d i f f e r e n c e   in  v o l t a g e  

b e t w e e n   t h e   r e f e r e n c e   v o l t a g e   and  o u t p u t   v o l t a g e ,   a n d  

a  v o l t a g e   c o n t r o l   c i r c u i t   r e s p o n s i v e   to  an  o u t p u t  

s i g n a l   f rom  s a i d   d i f f e r e n t i a l   a m p l i f i e r   to  c o n t r o l  

t he   o u t p u t   v o l t a g e   in  s u c h   a  d i r e c t i o n   as  w i l l  

l i m i t   s a i d   d i f f e r e n c e   in  v o l t a g e   to  z e r o ,   c h a r a c t e r i s e d  

by  f i r s t   o u t p u t   v o l t a g e   v a r y i n g   means   f o r   s e t t i n g  

t h e   o u t p u t   v o l t a g e   to  a  p r e s c r i b e d   v a l u e ,   a n d  

s e c o n d   o u t p u t   v o l t a g e   v a r y i n g   means   f o r   t e m p o r a r i l y  

s h i f t i n g   to  a  p r e s e t   v a l u e   the   o u t p u t   v o l t a g e   w h i c h  

has   been   s e t   to  s a i d   p r e s c r i b e d   v a l u e   by  s a i d   f i r s t  

o u t p u t   v o l t a g e   v a r y i n g   m e a n s .  

An  e m b o d i m e n t   of  t h i s   i n v e n t i o n   can  p r o v i d e   a  DC 

r e g u l a t e d   power   s o u r c e   a p p a r a t u s   f o r   i n c o r p o r a t i o n  -  

in  a  v a r i e t y   of  e l e c t r o n i c   e q u i p m e n t , .  



t h e   o u t p u t   of  w h i c h   a p p a r a t u s   can  be  f i n e l y   a d j u s t e d  

to  c o r r e c t   f o r   d i s c r e p a n c i e s   in  t h e   r e f e r e n c e   v o l t a g e   o f  

a  r e f e r e n c e   power   s o u r c e ,   and  w h i c h   a l l o w s   t h e   o u t p u t  

v o l t a g e   to  be  s h i f t e d   to   a  p r e s e t   v a l u e   by  an  o p e r a t i o n  

command  s i g n a l   w h i c h   d o e s   n o t   r e q u i r e   t h e   i n t e r v e n t i o n  

of  an  o p e r a t o r ,   or  by  a  s i m p l e   s w i t c h i n g   p r o c e d u r e  

p e r f o r m e d   by  an  o p e r a t o r .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   can   p r o v i d e  

a  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   t h o s e   o u t p u t  

v o l t a g e   can  be  f i n e l y   a d j u s t e d   in   a  c o n t i n u o u s  

m a n n e r .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   can   p r o v i d e  

a  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   whose   o u t p u t  

v o l t a g e ,   w h i c h   has   b e e n   a d j u s t e d   to  a  p r e s c r i b e d  

v a l u e ,   can  be  s h i f t e d   m a n u a l l y   or  a u t o m a t i c a l l y  

by  a  f i x e d   a m o u n t .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   can   p r o v i d e  

a  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   w h i c h ,   when  t h e  

o u t p u t   v o l t a g e   i s   s h i f t e d   to   a  f i x e d   v o l t a g e   t h a t   i s  

h i g h e r   t h a n   a  p r e s c r i b e d   v a l u e ,   m i n i m i z e s   any  e r r o r  

in  t h e   o u t p u t   v o l t a g e   even   i f   a  r e f e r e n c e   v o l t a g e   f l u c t u -  

a t e s .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  more  c l e a r l y  

u n d e r s t o o d   by  r e f e r r i n g   to   t h e   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n   when  c o n s i d e r e d   in  c o n j u n c t i o n   w i t h   t h e  

a c c o m p a n y i n g   d r a w i n g s   w h e r e i n :  



F i g .   1  is   a  b l o c k   d i a g r a m   of  a  c o n v e n t i o n a l  

DC  r e g u l a t e d   power  s o u r c e   a p p a r a t u s ;  

F i g s .   2  and  3  a re   b l o c k   d i a g r a m s   of  c o n v e n t i o n a l  

DC  r e g u l a t e d   power   s o u r c e   a p p a r a t i   whose   o u t p u t   v o l t a g e s  

a r e   c a p a b l e   of  b e i n g   v a r i e d ;  

F i g .   4  is   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  

f i r s t   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   5  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  

s e c o n d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   6  is   a  s i m p l i f i e d   c i r c u i t   d i a g r a m   of  t h e  

s e c o n d   e m b o d i m e n t   shown  in  F i g .   5 ;  

F i g .   7  is   a  s i m p l i f i e d   c i r c u i t   d i a g r a m   of  a  

t h i r d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   a n d ;  

F i g .   8  i s   a  s i m p l i f i e d   c i r c u i t   d i a g r a m   of  a  

f o u r t h   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

I l l u s t r a t e d   in  F i g .   1  is   a  f u n c t i o n a l   b l o c k  

d i a g r a m   of  a  t y p i c a l   DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s  

w h i c h   has   l o n g   been   known  in  t he   a r t .   The  a p p a r a t u s  

i n c l u d e s   a  r e c t i f y i n g   and  s m o o t h i n g   c i r c u i t   1,  a  v o l t a g e  

c o n t r o l   c i r c u i t   2,  a  d i f f e r e n t i a l   a m p l i f i e r   3,  and  a  

r e f e r e n c e   v o l t a g e   power   s o u r c e   4  w h i c h   s u p p l i e s   a  r e f e r -  

e n c e   v o l t a g e   ES.  The  d i f f e r e n t i a l   a m p l i f i e r   3  d e t e c t s  

a  d i f f e r e n c e   in  v o l t a g e   b e t w e e n   t he   r e f e r e n c e   v o l t a g e  

ES  and  an  o u t p u t   v o l t a g e   Vo,  and  r e s p o n d s   by  c o n t r o l l i n g  

t h e   v o l t a g e   c o n t r o l   c i r c u i t   2  in  such   a  m a n n e r   t h a t   t h e  

d i f f e r e n c e   in  v o l t a g e   is  l i m i t e d   to  z e r o ,   t h e r e b y   e q u a l i z -  

ing  t h e   o u t p u t   v o l t a g e   VD  and  r e f e r e n c e   v o l t a g e   ES  a t  

a l l   t i m e s .   A  Z e n e r   d i o d e   is  e m p l o y e d   in  t he   r e f e r e n c e  

v o l t a g e   power   s o u r c e   4..  H o w e v e r ,   t h o u g h   Z e n e r   d i o d e s  



may  be  of  an  i d e n t i c a l   t y p e   or  g r a d e ,   i t  i s   common  f o r  

s u c h   d i o d e s   to   p r o v i d e   Z e n e r   v o l t a g e s   w h i c h   d i f f e r   f r o m  

one  a n o t h e r   to   an  e x t r e m e l y   s m a l l   d e g r e e .   A  p r e s c r i b e d  

v o l t a g e   t h e r e f o r e   c a n n o t   be  o b t a i n e d   w i t h   t h e   a p p a r a t u s  

of   F i g .   1  as  l o n g   as  i t   is   no t   p o s s i b l e   to  a c q u i r e   Z e n e r  

d i o d e s   w h i c h   can  p r o v i d e   Z e n e r   v o l t a g e s   w h i c h   a r e   i d e n t i -  

c a l   to  t h e   r e f e r e n c e   v o l t a g e   ES.  I t   is   fo r   t h i s   r e a s o n  

t h a t   t he   s y s t e m s   shown  in  F i g s .   2  and  3  a re   a d o p t e d   i n  

t h e   p r i o r   a r t .   In  F i g .   2,  f o r   e x a m p l e ,   a  r h e o s t a t   5  i s  

e m p l o y e d   to  d i v i d e ' t h e   r e f e r e n c e   v o l t a g e   ES,  w i t h   t h e  

o u t p u t   v o l t a g e  V o   b e i n g   a d j u s t e d   to  a  d e s i r e d   v a l u e  

w i t h i n   t h e   r a n g e   of  t h e   r e f e r e n c e   v o l t a g e   ES.  In  F i g .  

3,  t h e   o u t p u t   v o l t a g e   Vô  is   a d j u s t e d   to  a  p r e s c r i b e d  

v o l t a g e   t h r o u g h   m u l t i p l y i n g   t h e   r e f e r e n c e   v o l t a g e   ES 

by  t he   r a t i o   of   t h e   r e s i s t a n c e   v a l u e   R  of  r h e o s t a t   5  t o  

t h e   d i v i d e d   r e s i s t a n c e   r .  

The  p r e s e n t   i n v e n t i o n ,   as  w i l l   be  d e s c r i b e d  

h e r e a f t e r   in  c o n n e c t i o n   w i t h   e m b o d i m e n t s   t h e r e o f ,   i s  

b a s e d   upon   t h e   DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   o f  

t h e   t y p e s   shown  in  F i g s .   1  t h r o u g h   3,  in  w h i c h   a  d i f f e r -  

e n t i a l   a m p l i f i e r   i s   u s e d   to  c o m p a r e   an  o u t p u t   v o l t a g e  

a g a i n s t   a  r e f e r e n c e   v o l t a g e ,   w i t h   a  v o l t a g e   c o n t r o l  

c i r c u i t   b e i n g   c o n t r o l l e d   in  r e s p o n s e   to   t h e   o u t p u t   o f  

t h e   d i f f e r e n t i a l   a m p l i f i e r   to  h o l d   t h e   o u t p u t   v o l t a g e  

of   t he   a p p a r a t u s   a t   a  p r e s c r i b e d   v a l u e .  

F i g .   4  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a n  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .   The  a r r a n g e m e n t  

i n c l u d e s   a  r e c t i f y i n g   and  s m o o t h i n g   c i r c u i t   11,  a  v o l t -  

age  c o n t r o l   c i r c u i t   12,  a  d i f f e r e n t i a l   a m p l i f i e r   1 3 ,  

a  r e f e r e n c e   power   s o u r c e   14,  a  v a r i a b l e   r e s i s t o r   1 5 ,  



a  t o t a l   r e s i s t a n c e   R,  a  t h r e e - p o i n t   t y p e   s w i t c h  1 6 ,   a n d  

r h e o s t a t s   17,  18  h a v i n g   r e s p e c t i v e   r e s i s t a n c e   v a l u e s   o f  

R1  and  R 2 .  

The  a r r a n g e m e n t   of  F i g .   4  o p e r a t e s   as  f o l l o w s .  

M o v a b l e   c o n t a c t  a   of  s w i t c h   16  o r d i n a r i l y   i s   s w i t c h e d  

to  n e u t r a l   p o l e   N.  The  o u t p u t   v o l t a g e   Vo"  is   d e c i d e d  

by  t he   v o l t a g e   d i v i d i n g   r a t i o   a  (a  =  r i / R )   d e t e r m i n e d  

by  v a r i a b l e   r e s i s t o r   15,  and  t h e   r e f e r e n c e   v o l t a g e   E s .  

In  o t h e r   w o r d s ,   V o "  =   Esa .   When  a  d i f f e r e n c e   b e t w e e n  

t h e   o u t p u t   v o l t a g e  V o "   and  a  r e f e r e n c e   v a l u e   is  o b s e r v e d  

b e c a u s e   of  a  v a r i a n c e   in  t he   Z e n e r   v o l t a g e   of  t he   Z e n e r  

d i o d e   t h a t   c o n s t r u c t s   t h e   r e f e r e n c e   v o l t a g e   s o u r c e   1 4 ,  

t he   o u t p u t   v o l t a g e   Vo"  is   s e t   to  t h e   r e f e r e n c e   v a l u e   a s  

in  t he   p r i o r   a r t   by  a d j u s t i n g   t h e   r h e o s t a t   15  to  c h a n g e  

t he   d i v i d i n g   r a t i o   a.  The  r e f e r e n c e   v o l t a g e   Es  of  t h e  

r e f e r e n c e   v o l t a g e   s o u r c e   14  is  p r e s e t   to  a  v a l u e   w h i c h  

i s   h i g h e r   t h a n   t h e   o p e r a t i n g   v o l t a g e   of  t he   e l e c t r o n i c  

c i r c u i t r y ,   s u c h   as  a  v a l u e   w h i c h   i s   t w i c e   t h e   o p e r a t i n g  

v o l t a g e .  

I f   t h e   m o v a b l e   c o n t a c t   a  of  s w i t c h   16  i s   now 

s w i t c h e d   f rom  t h e   n e u t r a l   p o s i t i o n   N  to  a  low  v o l t a g e  

p o s i t i o n   L  i n s t e a d   of  c h a n g i n g   t he   d i v i d i n g   r a t i o   a  b y  

m a n i p u l a t i n g   t he   r h e o s t a t   15,  a  v a r i a t i o n   in  the   d i v i d i n g  

r a t i o   a  w i l l   obey  t h e   f o l l o w i n g   r e l a t i o n s h i p ,  

The  above   e q u a t i o n   shows  t h a t   t he   o u t p u t   v o l t -  

age  Vo"  d r o p s   to   a  f i x e d   v a l u e   by  v a r y i n g   t h e   d i v i d i n g  

r a t i o   a  u n t i l   i t   a t t a i n s   the   v a l u e   aLe  The  f i x e d   v a l u e  

to  w h i c h   t h e   o u t p u t   v o l t a g e   Vo"  d r o p s   can  be  v a r i e d   b y  

c h a n g i n g   t he   v a l u e   of  R1  t h r o u g h   a d j u s t m e n t   of  t h e  



r h e o s t a t   17.  R e s t o r i n g   t h e   o u t p u t   v o l t a g e   V o "  t o  t h e  

o r i g i n a l   v a l u e   can  be  a c c o m p l i s h e d   m e r e l y   by  s w i t c h i n g  

t h e   m o v a b l e   c o n t a c t  a   b a c k   to  t h e   n e u t r a l   p o s i t i o n   N. 

I f   t h e   m o v a b l e   c o n t a c t   a  of  s w i t c h   16  i s  

n e x t   s w i t h e d   from  t h e   n e u t r a l   p o s i t i o n   N  to   a  h i g h  

v o l t a g e   p o s i t i o n   H,  t h e   v a r i a t i o n   in  t h e   d i v i d i n g   r a t i o  

a  now  w i l l   obey   t h e   f o l l o w i n g   r e l a t i o n s h i p ,  

The  above   e q u a t i o n   shows  t h a t   t h e   o u t p u t   v o l t -  

age  V "  r i s e s   to  a ' f i x e d   v a l u e   by  v a r y i n g   t h e   d i v i d i n g  

r a t i o   u n t i l   i t   a t t a i n s   t h e   v a l u e   @H.  The  f i x e d   v a l u e  

to  w h i c h   t h e   o u t p u t   v o l t a g e   Vo"  r i s e s   can  be  v a r i e d  

by  c h a n g i n g   t he   v a l u e   of  R2  t h r o u g h   a d j u s t m e n t   of  t h e  

r h e o s t a t   18.  As  b e f o r e ,   t h e   o u t p u t   v o l t a g e   Vo"  can   b e  

r e s t o r e d   to   t he   o r i g i n a l   v a l u e   m e r e l y   by  s w i t c h i n g   t h e  

m o v a b l e   c o n t a c t  a   back   to  t h e   n e u t r a l   p o s i t i o n   N.  T h e  

m o v a b l e   c o n t a c t  a   can  be  s w i t c h e d   o v e r   m a n u a l l y   o r  

a u t o m a t i c a l l y   t h r o u g h   t h e   use   of  s u i t a b l e   d r i v e   m e a n s .  

One  e x a m p l e   in  w h i c h   t h e   l a t t e r   can  be  a c c o m p l i s h e d   i s  

by  means   of   an  e l e c t r o m a g n e t i c   s w i t c h   w h o s e   c o n t a c t   i s  

a d a p t e d   to   b e - s w i t c h e d   o v e r   by  an  e l e c t r o m a g n e t i c   f o r c e .  

A n o t h e r   e m b o d i m e n t   w i l l   now  be  d e s c r i b e d   i n  

w h i c h   o u t p u t   v o l t a g e   i s   s h i f t e d   to   a  f i x e d   v a l u e   h i g h e r  

or  l o w e r   t h a n   a  r e f e r e n c e   v o l t a g e ,   w h e r e i n   t he   s h i f t   i s  

a c c o m p l i s h e d   a u t o m a t i c a l l y ,   by  a  command  s i g n a l ,   o r  

m a n u a l l y .   Such  an  e m b o d i m e n t   is   shown  in  F i g .   5  i n  

w h i c h   p o r t i o n s   t h a t   b e a r   t h e   same  r e f e r e n c e   n u m e r a l s  

as  t h o s e   in  F i g .   4  a r e   s i m i l a r   t h e r e t o   and  n e e d   n o t   b e  

d e s c r i b e d   a g a i n .  

T u r n i n g   now  to  F i g .   5,  a  s w i t c h i n g   c i r c u i t   i s  



d e s i g n a t e d   g e n e r a l l y   at  19,  the   c i r c u i t   i n c l u d i n g   s t a -  

t i o n a r y   c o n t a c t s   h,  n,  l ,   a  m o v a b l e   c o n t a c t   M,  and  a  

d r i v e   c i r c u i t   191  f o r   a c t u a t i n g   t he   m o v a b l e   c o n t a c t   M. 

D r i v e   c i r c u i t   191  has   a  s i g n a l   i n p u t   t e r m i n a l   S.  M o v a b l e  

c o n t a c t   M  is   s w i t c h e d   to  s t a t i o n a r y   c o n t a c t  n   when  s i g n a l  

i n p u t   t e r m i n a l   S  i s   a t   z e r o   p o t e n t i a l ,   to  s t a t i o n a r y  

c o n t a c t  h   when  i n p u t   t e r m i n a l   S  is   at   a  p o s i t i v e   p o t e n -  

t i a l   (+5  v o l t s ) ,   and  to   s t a t i o n a r y   c o n t a c t  1   when  i n p u t  

t e r m i n a l   S  i s   at  a  n e g a t i v e   p o t e n t i a l   (-5  v o l t s ) .  

R h e o s t a t   17  is  c o n n e c t e d   to  s t a t i o n a r y   c o n t a c t   1,  a n d  

s e m i - f i x e d   v a r i a b l e   r e s i s t o r   18  to  s t a t i o n a r y   c o n t a c t  

h.  An  OR  g a t e   20  has   i t s   o u t p u t   s i d e   c o n n e c t e d   to  t h e  

s i g n a l   i n p u t   t e r m i n a l   S  of  d r i v e   c i r c u i t   191,   and  h a s  

one  i n p u t   t e r m i n a l   X  c o n n e c t e d   to  a  d r i v i n g   s i g n a l   g e n e -  

r a t o r   and  i t s   o t h e r   i n p u t  t e r m i n a l   c o n n e c t e d   to  t h e  

v a r i a b l e   c o n t a c t   of  t h r e e - p o i n t   s w i t c h   21.  S o u r c e s   o f  

+5  and  -5  v o l t   s i g n a l s   a re   shown  at  23  and  22,  r e s p e c t i v e l y .  

When  a u t o m a t i c a l l y   s h i f t i n g   the   o u t p u t   v o l t a g e  

by  a  f i x e d   v a l u e   to  a  l e v e l   wh ich   is   l o w e r   t h a n   a  p r e -  

s c r i b e d   v a l u e ,   a  -5  v o l t   s i g n a l   from  the   d r i v i n g   s i g n a l  

g e n e r a t o r   i s   a p p l i e d   to  t h e   i n p u t   t e r m i n a l   X  of  OR  g a t e  

20,  w h e r e u p o n   the   s i g n a l   is  d e l i v e r e d   to  d r i v e   c i r c u i t  

191  t h r o u g h   t he   OR  g a t e .   D r i v e   c i r c u i t   191  r e s p o n d s   b y  

s w i t c h i n g   t h e   m o v a b l e   c o n t a c t   M  to  t he   s t a t i o n a r y   c o n -  

t a c t   k,  w h e r e b y   t he   o u t p u t   v o l t a g e   is  s h i f t e d   d o w n w a r d  

by  a  f i x e d   v a l u e   as  in  t he   f o r e g o i n g   e m b o d i m e n t .   When 

a u t o m a t i c a l l y   s h i f t i n g   t he   o u t p u t   v o l t a g e   by  a  f i x e d  

v a l u e   to  a  l e v e l   w h i c h   is  h i g h e r   t han   a  p r e s c r i b e d   v a l u e ,  

a  +5  v o l t   s i g n a l   f rom  t he   d r i v i n g   s i g n a l   g e n e r a t o r   i s  

a p p l i e d   to  t he   i n p u t   t e r m i n a l   X  of  OR  g a t e   20,  w h e r e u p o n  



t h e   s i g n a l   i s   d e l i v e r e d   to   d r i v e   c i r c u i t   191  t h r o u g h   t h e  

OR  g a t e .   D r i v e   c i r c u i t   191  now  r e s p o n d s   by  s w i t c h i n g  

t h e   m o v a b l e   c o n t a c t   M  to  t h e   s t a t i o n a r y   c o n t a c t   h,  w h e r e -  

by  t h e   o u t p u t   v o l t a g e   i s   s h i f t e d   u p w a r d   by  a  f i x e d   v a l u e  

as  in  t h e   f o r e g o i n g   e m b o d i m e n t .   On  t h e   o t h e r   h a n d ,   n o  

s i g n a l s   a r e   d e l i v e r e d   to   d r i v e   c i r c u i t   191  f rom  t h e  

d r i v i n g   s i g n a l   g e n e r a t o r   when  t h e   o u t p u t   v o l t a g e   i s   t o  

be  m a i n t a i n e d   at   t h e   p r e s c r i b e d   v a l u e .   On  such   o c c a s i o n s  

t h e   m o v a b l e   c o n t a c t   M  is   s w i t c h e d   to  t h e   s t a t i o n a r y   c o n -  

t a c t  n .   I f   i t   is   now  d e s i r e d   to   s h i f t   t h e   o u t p u t   v o l t a g e  

u p w a r d   or  downward   by  a  f i x e d   v a l u e   t h r o u g h   a  m a n u a l  

i n s t e a d   of  t he   a u t o m a t i c   m e t h o d ,   t h e   t h r e e - p o i n t   s w i t c h  

21  n e e d   o n l y   be  m a n i p u l a t e d   by  hand   to  a p p l y   t h e   +5  v o l t  

s i g n a l   or   -5  v o l t   s i g n a l   to  d r i v e   c i r c u i t   1 9 1 .  

In  e a c h   of  t h e   f o r e g o i n g   e m b o d i m e n t s ,   t h e  

r a n g e   o v e r   w h i c h   t h e   o u t p u t   v o l t a g e   i s   s h i f t e d   f rom  t h e  

r e f e r e n c e   v a l u e ,   t h a t   i s ,   u p w a r d   or  d o w n w a r d   f rom  t h e  

r e f e r e n c e   v a l u e   by  t h e   f i x e d   v a l u e ,   i s   d e c i d e d   by  t h e  

v a l u e   of  t h e   r e f e r e n c e   v o l t a g e  E s ,   t h e   v a l u e   of  t h e  

r e s i s t o r s ,   r l ,   r 2 ,   and  t h e   v a l u e   of  r e s i s t o r   Ri  or   R 2 .  

F i g .   6  shows  a  s i m p l i f i c a t i o n   of  t h e   c i r c u i t r y   of  t h e  

two  f o r e g o i n g   e m b o d i m e n t s   in  o r d e r   to  s i m p l i f y   t h e  

d e s c r i p t i o n   of  t h e   i n v e n t i o n .   I t   s h o u l d   f i r s t   be  n o t e d  

t h a t  a n d  

whe re   r 1 / / r 2  =   1  1 / r 1 + 1 / r 2 .   
The  r a n g e   ΔVo"  o v e r   w h i c h  

t h e   o u t p u t   v o l t a g e   i s   v a r i e d   in  t h e   c i r c u i t   of  F i g .   6 

i s   d e f i n e d   by  t he   f o l l o w i n g :  

w h e r e   ΔVoL  r e p r e s e n t s   d o w n w a r d   c h a n g e   when  t h e   o u t p u t  



v o l t a g e   is  l o w e r e d   by  a  f i x e d   v a l u e   from  t he   p r e s c r i b e d  

v a l u e ,   a n d  

w h e r e   ΔV"oL  r e p r e s e n t s   upward   c h a n g e   when  t h e   o u t p u t  

v o l t a g e   is   r a i s e d   by  a  f i x e d   v a l u e   from  t h e   p r e s c r i b e d  

v a l u e .  

From  the   above   i t   can  be  u n d e r s t o o d   t h a t ,   i n  

t h e   two  f o r e g o i n g   e m b o d i m e n t s ,   t h e   c l o s e r   t h e   r e f e r e n c e  

v o l t a g e   Es  i s   to  Eo,  t he   more ΔV"oH  is   i n f l u e n c e d   b y  

f l u c t u a t i o n   in  t h e ' r e f e r e n c e   v o l t a g e   Es,   and  h e n c e ,  

t h e   more  ΔV"oH  i t s e l f   f l u c t u a t e s .   A c c o r d i n g l y ,   w h e n  

s w i t c h   16  is   c h a n g e d   o v e r   to  a l t e r   t he   v a l u e   of  t h e  

r e s i s t a n c e   t h a t   l o a d s   t he   r e f e r e n c e   v o l t a g e   s o u r c e ,   t h e  

c u r r e n t   f l o w i n g   t h r o u g h   t h e   Z e n e r   d i o d e . u n d e r g o e s   a  

l a r g e   c h a n g e .   I f   t he   Z e n e r   v o l t a g e   e x p e r i e n c e s   e v e n  

a  s m a l l   v a r i a t i o n ,   t h i s   is  a c c o m p a n i e d   by  a  f l u c t u a t i o n  

in  t he   o u t p u t   v o l t a g e ,   t he   v a l u e   of  w h i c h   w i l l   t h e r e f o r e  

d i f f e r   f rom  the   d e s i g n   v o l t a g e .   H e n c e ,   an  e m b o d i m e n t  

w h i c h   w i l l   be  d e s c r i b e d   n e x t   is  a d a p t e d   to  e n h a n c e   t h e  

p r e c i s i o n   a t   w h i c h   t he   o u t p u t   v o l t a g e   is   r a i s e d   by  a  

f i x e d   v a l u e   f rom  t h e   p r e s c r i b e d   v a l u e .  

In  t h i s   t h i r d   e m b o d i m e n t   as  i l l u s t r a t e d   b y  

t he   c i r c u i t   d i a g r a m   of  F i g .   7,  Ee  is  a  s e p a r a t e   p o w e r  

s o u r c e   of  a  h i g h e r   v o l t a g e   t h a n   Eo,  and  is  s u i t a b l y  

r e g u l a t e d   by  a  Z e n e r   d i o d e   or  t h e   l i k e .   The  r a n g e   V"'oH 

o v e r   w h i c h   t he   o u t p u t   v o l t a g e   is  v a r i e d   when  t e r m i n a l s  

H  a n d   T  a re   i n t e r c o n n e c t e d   is  g i v e n   by  the   f o l l o w i n g  

e q u a t i o n ,  

If   Ee  is   s u i t a b l y   s t a b i l i z e d   to  a  g r e a t e r   e x t e n t   t h a t  



Eo,  t h e n   t h e / o n l y   f l u c t u a t i o n   in  ΔV"oH  w i l l   be  due  to   r o  

( w h e r e   ro  i s   a  f u n c t i o n   of  Es,   V"o,   and  R.)  T h i s   f l u c t u a -  

t i o n   due  to   ro  can  be  s u b s t a n t i a l l y   s u p p r e s s e d   by  a d o p t i n g  

t he   c i r c u i t   shown  in  F i g .   8,  w h e r e i n   t h e   e q u i v a l e n t   c i r -  

c u i t   shows   a  r e s i s t o r   ro '   i n s e r t e d   in  s e r i e s   w i t h   r e s i s t o r  

ro ,   w h e r e   r o ' > >  r o .   A d o p t i n g   t h i s   c i r c u i t   a f f o r d s   a  f u r -  

t h e r   i m p r o v e m e n t   in  p r e c i s i o n .   T h i s   a r r a n g e m e n t   a l s o  

e n h a n c e s   t h e   p r e c i s i o n   a t   w h i c h   t h e   o u t p u t   v o l t a g e   i s  

l o w e r e d   when  t e r m i n a l s   T  and  L  a r e   i n t e r c o n n e c t e d .  

As  e v i d e n t   f rom  t h e   f o r e g o i n g   d e s c r i p t i o n ,  

the   p r e s e n t   i n v e n t i o n   i n c l u d e s   f i r s t   o u t p u t   v o l t a g e  

v a r y i n g   means   f o r   s e t t i n g   an  o u t p u t   v o l t a g e   to  a  p r e -  

s c r i b e d   v a l u e ,   t h e r e b y   a l l o w i n g   a  v a r i a n c e   in  r e f e r e n c e  

v o l t a g e   to  be  c o r r e c t e d .   The  i n v e n t i o n   f u r t h e r   i n c l u d e s  

s e c o n d   o u t p u t   v o l t a g e   v a r y i n g   means   f o r   t e m p o r a r i l y   s h i f t -  

ing  t h e   p r e s c r i b e d   o u t p u t   v o l t a g e ,   s e t   by  t h e   f i r s t   v a r y -  

ing   m e a n s ,   to  a  p r e s e t   v a l u e ,   t h e r e b y   a l l o w i n g   t h e   o u t p u t  

v o l t a g e   to  be  s h i f t e d   t h r o u g h   a  s i m p l e   o p e r a t i o n   w h e n e v e r  

m a i n t e n a n c e   and  i n s p e c t i o n   a r e . p e r f o r m e d .   T h i s   e l i m i n a t e s  

t h e   t r o u b l e s o m e   a d j u s t m e n t   p r o c e d u r e   e n c o u n t e r e d   in  t h e  

p r i o r   a r t ,   w h e r e i n   a d j u s t m e n t   m u s t   be  p e r f o r m e d   w h i l e   a  

v o l t m e t e r   i s   o b s e r v e d .   M o r e o v e r ,   a c t u a t i n g   t h e  o u t p u t  

v o l t a g e   v a r y i n g   means   by  an  e x t e r n a l l y   a p p l i e d   s i g n a l  

a l l o w s   a  t e s t   s t e p   f o r   c o n f i r m i n g   c i r c u i t   o p e r a t i n g  

m a r g i n   to  be  i n s e r t e d   i n t o   a  s e r i e s   of  a u t o m a t e d   t e s t  

s t e p s .   F u r t h e r ,   when  s h i f t i n g   t h e   o u t p u t   v o l t a g e   u p w a r d  

f rom  a  r e f e r e n c e   v o l t a g e   by  a  c o n s t a n t   v a l u e ,   two  r e f e r -  

ence   v o l t a g e   s o u r c e s   may  be  u s e d   to  p r o v i d e   a  v o l t a g e  

d i f f e r e n c e   w h i c h   is  d i v i d e d   down  to  a  v o l t a g e   t h a t   m a y  

t h e n   be  e m p l o y e d   as  t h e ' r e f e r e n c e   v o l t a g e   w h i c h   i s   a p p l i e d  



to  a  d i f f e r e n t i a l   a m p l i f i e r .   The  s h i f t e d   v o l t a g e   w i l l  

t h e r e f o r e   a t t a i n   a  v a l u e   in  c o n f o r m a n c e   w i t h   t he   p l a n n e d  

v a l u e .  



1.  A  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   f o r  

c o n t r o l l i n g   an  o u t p u t   v o l t a g e   so  as  to  l i m i t   t h e  

d i f f e r e n c e   b e t w e e n   t h e   o u t p u t   v o l t a g e   and  a  r e f e r e n c e  

v o l t a g e   to   z e r o ,   w h i c h   a p p a r a t u s   c o m p r i s e s   a  d i f f e r e n t i a l  

a m p l i f i e r   f o r   d e t e c t i n g   a  d i f f e r e n c e   in   v o l t a g e  

b e t w e e n   t h e   r e f e r e n c e   v o l t a g e   and  o u t p u t   v o l t a g e ,   a n d  

a  v o l t a g e   c o n t r o l   c i r c u i t   r e s p o n s i v e   to  an  o u t p u t  

s i g n a l   f rom  s a i d   d i f f e r e n t i a l   a m p l i f i e r   to  c o n t r o l  

the   o u t p u t   v o l t a g e   in  s u c h   a  d i r e c t i o n   as  w i l l   l i m i t  

s a i d   d i f f e r e n c e   in  v o l t a g e   to  z e r o ,   c h a r a c t e r i s e d   b y  

f i r s t   o u t p u t   v o l t a g e   v a r y i n g   means   f o r   s e t t i n g   t h e   o u t p u t  

v o l t a g e   to  a  p r e s c r i b e d   v a l u e ,   and  s e c o n d   o u t p u t  

v o l t a g e   v a r y i n g   m e a n s   f o r   t e m p o r a r i l y   s h i f t i n g   to  a  

p r e s e t   v a l u e   the   o u t p u t   v o l t a g e   w h i c h   has   b e e n   s e t   to  s a i d  

p r e s c r i b e d   v a l u e   by  s a i d   f i r s t   o u t p u t   v o l t a g e   v a r y i n g  

m e a n s .  

2.  A  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   1,  in  w h i c h   s a i d   f i r s t   o u t p u t   v o l t a g e  

v a r y i n g   m e a n s   i s   c a p a b l e   of  c o n t i n u o u s l y   v a r y i n g   t h e  

o u t p u t   v o l t a g e   by  a  r h e o s t a t .  

3.  A  DC  r e g u l a t e d   p o w e r   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   1  or  2,  in  w h i c h   s a i d   s e c o n d   o u t p u t   v o l t a g e  

v a r y i n g   means   t e m p o r a r i l y   s h i f t s   t h e   o u t p u t   v o l t a g e  

w h i c h   has   b e e n   s e t   by  s a i d   f i r s t   o u t p u t   v o l t a g e   v a r y i n g  

m e a n s ,   to  a  h i g h e r   or  l o w e r   v o l t a g e   in  a  d i s c o n t i n u o u s  

m a n n e r .  

4.  A  DC  r e g u l a t e d   p o w e r   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   3,  w h e r e i n   t h e   v a l u e   by  w h i c h   t h e   o u t p u t   v o l t a g e  



i s   t e m p o r a r i l y   s h i f t e d   can  be  f i n e l y   a d j u s t e d   by  a  

r h e o s t a t .  

5,  A  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  any  p r e c e d i n g   c l a i m ,   in  w h i c h   s a i d   s e c o n d   o u t p u t  

v o l t a g e   v a r y i n g   means   is   b r o u g h t   i n t o   o p e r a t i o n  

m a n u a l l y .  

6.  A  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  a n y  o n e   of  c l a i m s  1   to  4,  in  wh ich   s a i d   s e c o n d   o u t p u t  

v o l t a g e   v a r y i n g   means   i s   b r o u g h t   i n t o   o p e r a t i o n  

a u t o m a t i c a l l y   by  an  e x t e r n a l l y   a p p l i e d   c o n t r o l   s i g n a l .  

7.  A  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   5  or  6,  in  wh ich   s a i d   s e c o n d   o u t p u t   v o l t a g e  

v a r y i n g   means   can  be  b r o u g h t   i n t o   o p e r a t i o n   e i t h e r  

m a n u a l l y   or  a u t o m a t i c a l l y .  

8.  A  DC  r e g u l a t e d   power   s o u r c e   a p p a r a t u s   a c c o r d i n g  

to  any  p r e c e d i n g   c l a i m ,   in  w h i c h ,   when  s h i f t i n g   t h e  

o u t p u t   v o l t a g e   to  a  h i g h e r   v o l t a g e   by  s a i d   s e c o n d  

o u t p u t   v o l t a g e   v a r y i n g   m e a n s ,   two  r e f e r e n c e   v o l t a g e s  

a r e   u s e d   to  p r o v i d e  a   v o l t a g e   d i f f e r e n c e   t h a t   i s  

d i v i d e d   down  to  a  v o l t a g e   u t i l i z e d   as  a  r e f e r e n c e   v o l t a g e  

w h i c h   i s   a p p l i e d   to  s a i d   d i f f e r e n t i a l   a m p l i f i e r .  
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